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It is shown that the Dira equation for free partiles and Maxwell
equations for free eletromagneti waves an be onsidered as relations
desribing propagation of the topologial defets of the physial three-
dimensional spae. These defets, being losed topologial manifolds, an be
onsidered as embedded in the outer ve-dimensional spae, and observable
objets appear to be intersetions of above defets on the physial spae.
This approah explains all irrational properties of quantum partiles. Wave
properties arise as a result of periodial movement of defet relative to its
projetion on physial spae, and just this periodial movement attributes
phase to the propagating partile. Appearane of probabilities within the
formalism is a onsequene of unertainty of the losed topologial manifold
shape. Embedded in the outer spae topologial defets provide hannels for
nonloal orrelations between noninterating partiles in EPR-experiments.
Mass, spin, light veloity happen to be topologial invariants. It is shown
that the Dira equation for hydrogen atom an be also onsidered as a
relation desribing the spae topologial defet. Eletromagneti potentials
play here the role of onnetivities of the universal overing spae of the
orresponding topologial defet, and the gauge invariane of potentials is a
natural onsequene of the geometrial interpretation. Above result means
that there is no need within topologial approah to simulate hydrogen
atom as a system with some point-like partiles interating trough their pair
potentials. Aeptane of suggested onept means rejetion of the existing
atomi paradigm based on the suggestion that matter onsists of more and
more small elementary partiles. Within topologial onept there are no
any partiles a priori, before measurement proedure: notions of mass, 4-
momentum, spin and of another attributes of partiles appears only as a
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result of lassial interpretation of the devie reation on its ontat with the
spae defet representing quantum objet. Suggested approah an be also
onsidered as a nonloal model with hidden variables.
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1.Introdution
In reent years onsiderable attention is given to the oneptual
problems of quantum physis. One of these problems is a possibility to nd
out some reasonable physial model for quantum objets desribed with high
eieny by existing quantum formalism and to explain in so doing irrational
properties of quantum world (probabilities, wave-orpusular duality, EPR-
paradox and so on) (see rewiews [1,2℄ and e.g. [3,4℄). In short this problem
is named as the problem of interpretation of quantum mehanis, and not
long ago the majority of speialists believed that there are no suh problem
at all: the opinion was established that Physis beame too ompliated to
be desribed by physial models and that looking for models is useless as
long as pure mathematis provides the progress. This opinion was supported
by Dira and even by Einstein (at the late period)[5,6,7℄),though De Broglie
never aepted this point of view [7℄.
Any way this problem was plaed by Vitaly Ginsburg at rst plae
between three "great"problems of modern physis (other two are "arrow of
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time"or irreversibility and phenomenon of life) [8℄. May be, one of the reasons
for the new attention to oneptual problems is the lak of new serious ideas
that ause the feeling "that something has to be done".( Indeed, the last
suh idea was Yang-Mills fty years old idea about loal gauge invariane).
Other reason is probably the experimental approval of one of the most
irrational properties of quantum worldinstantaneous nonloal orrelation
between noninterating partiles separated by marosopi distanes up
to 10 km (paradox of Einstein, Podolsky and Rosen) (see, e.g.[9,10℄).
These experiments rstly diretly indiated that denite states an not
be attributed to mirosopi systems as objetive states independent of
measurement proedure, and these investigations gave start to the new
disipline-quantum information (see, e.g. [11,12℄).
In this work we will represent topologial model of quantum partiles
and eletromagneti waves, where these objets appear to be spei
distortions of the Eulidean geometry of physial spae-time. We will show
below that suh approah explains all irrational properties of quantum world
wave-orpusular duality, probabilities, EPR-paradox, spin, invariane of
light veloity and so on. There were many attempts to express formally
notions of quantum formalism and eletromagnetism through geometrial
notions, but only a few onsidered physial objets as deformations of spae-
time itself. The rst was Einstein's theory of general relativity. Then, there
were Wheeler's geometrodynamis [13℄ and, in a way, string theories (see,
e.g. [14℄). But Wheeler investigated possibility of topologial interpretation
of marosopi eletrial harges, whereas string theory works at Plank sales.
Our approah works at atomi sales. Results, presented in this publiation,
were published portionwise in [15-20℄.
2. What an eletron is? Main idea
In this Setion we will represent pitorially (although rather shemati
and onventional)the main idea of topologial model for quantum partiles.
The reasonable foundations for the model will be onsidered in Se.3.
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A simple visual representation is possible only within one-dimensional
model of the spae beause in three-dimensional spae we have to use
for explanation four-dimensional geometrial objets. Let us onsider one-
dimensional world, where empty physial spae is one-dimensional Eulidean
spae (straight 0X-axes). Aording to general relativity appearane of
gravitational eld leads to some urvature of this spaethe spae beomes
the urved
X0 Fig.1
Riemmann spae (Fig.1). It was the rst ase in physis when some physial
objet was desribed not as something into the spae, playing the role of a
sene, but as a deformation of the spae itself, and suh deformation an be
onsidered as the physial model for the gravitational eld.
Aording to traditional interpretation appearane of an eletron means
appearane of "something"that moves in the spae (Fig.2). The spae plays
here the role of a sene, and properties of this "something"are
✲
✲exp
(
− i
h¯
(Et− px)
)
X0
"SOMETHING"?
Fig.2
λ = 2pih¯
p
, ω = E
h¯
desribed by the funtion that looks like a plane wave. The wave parameters
of the objet are dened through momentum and energy of the partile by
the well known De Broglie's relations
λ =
2pih¯
p
, ω =
E
h¯
. (1)
There is no any physial model for an eletron within this interpretation.
Note also that relation (1) looks rather unnatural beause notions of more
general mirosopi wave theory (λ, ω) are expressed there through notions
of less general marosopi lassial theory (p,E).(For example, more general
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relativisti lassial mehanis an be formulated without using less general
Newtonian mehanis).
Within suggested onept, appearane of an eletron in the empty one-
dimensional spae means appearane of topologial defet of this spae. This
defet an be shown (rather shemati) as an one-dimensional branh of
the physial spae, and this branh an be onsidered as the piee of one-
dimensional spae embedded in the outer three-dimensional spae (the spae
topologial defets are the spae deformations that an not be eliminated
by ontinuous transformations). The observable objet (eletron ) is an
intersetion of the topologial defet with one-dimensional physial spae
(Fig.3.)(In this simple example the intersetion is a geometrial point, but
we will show later that in three-dimensional spae suh intersetion looks like
a region of the spae).
✲
✻
 
 
 ✒
z
y
✄
✄
✄
✄
✲
x
exp
(
−i(ωt− 2pi
λ
x)
)
p = 2pih¯
λ
, E = h¯ω
Fig.3
e
The above topologial defet (and its intersetion point) propagates
along the one-dimensional physial spae performing simultaneously
periodial movement in the outer three-dimensional spae, and within
suggested model the wave funtion exp (−i(ωt− 2pix/λ)) desribes just this
periodial proess. Within this model lassial notions of momentum and
energy for above topologial objet appear only as a result of interpretation
on lassial language of the eets produed into marosopi devie by
its ontat with the piee of deformed spae. Above lassial notions are
onneted with mirosopi ones by relations
p =
2pih¯
λ
, E = h¯ω. (2)
These relations formally oinide with the De Broglie denition, but they
look more natural beause they express the notions of less general theory
(lassial notions of momentum and energy) through the notions of more
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general mirosopi theory (parameters of periodial movement of the spae
topologial defet). Note one more that within suggested topologial model
we obtain simple explanation of the wave properties of the point-like partile:
being the intersetion point with the periodially moving defet suh partile
also transfer the phase of this movement.
3.Where the idea ame from
In previous Setion we shematially presented the model of quantum
partiles as some topologial objets, and we presented this model without
any approvement. But, there an not be rigorous approvement for new
onept: there an be only reasonable arguments and onrmation by
experiment. In this Setion we will demonstrate these arguments, and we
will show that suggested topologial model explains all irrational observable
properties of quantum objets .
Considering a possibility of geometrization of quantum physis, we have
to keep in mind the exeptional auray of the modern quantum formalism.
Therefore, we suppose that attempts to nd out new geometrial desription
of quantum objets have to begin not with the reation of a new mathematial
formalism but with nding out a geometrial interpretation of the well-known
basi relativisti quantum equations whose validity is beyond question. We
onsidered three suh equations:the Dira equation for free partile, the
Maxwell equations for free eletro-magneti eld and the Dira equation for
hydrogen atom.
We start at rst with geometrial interpretation of the Dira equation
for free partile (for free matter wave eld with spin 1/2). This equation an
be written in the following form (see, e.g.,[21℄)
iγµ∂µψ = mψ, (3)
where ∂µ = ∂/∂xµ, µ = 1, 2, 3, 4, ψ(x) is the four-omponent Dira
bispinor, x1 = t, x2 = x, x3 = y, x4 = z, and γ
µ
are four-row Dira matries
(onrete representations of γ-maties and bispinor are of no importane).
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The summation in Eq.(3) goes over the repeating indies with a signature
(1,−1,−1,−1). Here, h¯ = c = 1, m is the partile mass. For denite values
of 4-momentum pµ, the solution to Eq.(1) has a form of the plane wave
ψ = u(pµ) exp(−ipµx
µ), (4)
where u(pµ) is a normalized bispinor. Substitution of (2) in Eq.(1) gives the
known relation for pµ
p21 − p
2
2 − p
2
3 − p
2
4 = m
2. (5)
Eq.(3) serves as a basis for desribing of experiments with ne auray
in the intermediate energy range where relativisti orretions an not
be ignored but where we an neglet of the possibility of new partiles
appearane (for desribing ne struture of the hydrogen atom spetra, for
example). Wave funtion (4) is interpreted as a desription of some free
wave eld with mass m and spin 1/2. The wave funtion amplitude squared
denes the probability to nd partile in the orresponding point and the
phase fator in (4) desribes the waveorpusular properties of a partile
using postulated relations between partile's 4-momentum pµ and "partile's
wavelength"λµ
λµ = 2pip
−1
µ . (6)
Any model or any pitorial representation of the quantum objet is absent,
and the spae-time is onsidered as a sene where suh objets exist and
interat. Having in mind geometrial interpretation of Eq.(3), we rewrite
funtion (4) and relation (5) in the form where only geometrial notions with
dimensionality of length are presented
ψ = u(pµ) exp(−2piix
µλ−1µ ). (7)
λ−21 − λ
−2
2 − λ
−2
3 − λ
−2
4 = λ
−2
m , λm = 2pim
−1. (8)
The rst idea looks as follows: if Eq.(3) has some geometrial meaning
then there should be some reasons for using in this equation the spei
tensorsspinors. It is known that there is a orrespondene between every
7
kind of tensors and some lass of geometrial objets in the sense that
these tensors dene invariant properties of above objets. For example, usual
vetors orrespond to simplest geometrial objetsto points [22℄, and this is
one of reasons why Newtonian mehanis uses vetors within its formalism.
Spinors orrespond to nonorientable geometrial objet (see, e.g., [23℄). So, we
suppose that spinors are used in Eg.(3), beause this equation desribes some
nonorientable geometrial objet and "spin = 1/2"is a formal expression of
the nonorientable property of the objet.
The above assumption is a starting idea. To dene properties of the
proposed geometrial objet more exatly we onsider more preisely the
symmetry properties of the solution (7). First of all, funtion (7) is an
invariant with respet to oordinates transformations
x
′
µ = xµ + nµλµ, nµ = 0,±1,±2, ... . (9)
Transformations (9) an be onsidered as elements of the group of
translations operating in the Minkovsky 4-spae where wave funtion (7)
is dened. Then funtion (7) an be onsidered as a vetor realizing this
group representation. From the other hand, as a bispinor, funtion (7) realizes
representation of one more group of the symmetry transformation of 4-spae
that is not so obvious. Being a four-omponent spinor, ψ(x) is related to the
matries γµ by the equations (see, e.g. [24℄)
ψ
′
(x
′
) = γµψ(x),
where x ≡ (x1, x2, x3, x4), and x
′
≡ (x1,−x2,−x3,−x4) for µ = 1, x
′
≡
(−x1, x2,−x3,−x4) for µ = 2, and so on. This means that the matries
γµ are the matrix representation of the group of reetions along three
axes perpendiular to the xµ axis, and the Dira bispinors realize this
representation.
Above two groups form a group of four sliding symmetries with
perpendiular axes (sliding symmetry means translations plus orresponding
reetions; see e.g.,[25℄). The physial Minkovsky spae-time does not have
8
suh symmetry. But this group may operate in some auxiliary spae: it is
known within topology that disrete groups operating in some auxiliary
spae an reet a symmetry of geometrial objets that have nothing in
ommon with this spae. It will be the ase when suh spae is a universal
overing spae of some losed topologial manifold. Universal overing spaes
are auxiliary spaes that are used in topology for the desription of losed
manifolds, beause disrete groups operating in these spaes are isomorphi
to fundamental groups of losed manifoldsgroups whose elements are
dierent lasses of losed pathes on manifolds started and nished at the
same point (so alled pi1 group [25-27℄). For example, fundamental group
of the nonorientable two-dimensional Klein bootle is a group of two sliding
symmetries with parallel axes, and the universal overing spae of this losed
manifold is a two-dimensional Eulidean spae [25,26℄. Above properties of
solution (7) leads to the idea that Dira Eq.(3) desribes, in fat, some losed
nonorientable spae-time 4-manifold, whoose fundamental group is a group
of the above four sliding symmetries, and spae-time plays not only the role
of the "spae of events"but it plays also the role of the universal overing
spae for above manifold.
To larify the possibility of "oding"of some losed manifold by means
of linear dierential equation we onsider below the simplest example of
losed topologial manifoldmanifold homeomorphi ("equivalent") to a
irle with given perimeter length λ = 2piR. Suh manifold is represented
by any of its deformation without disontinuities and gluing (Fig.4).
✖✕
✗✔ ☛
✡
✟
✠ ✞✝ ☎✆ Fig.4
The fundamental group of above manifold is a group isomorphi to the
group of integers [26,27℄. This is illustrated at Fig.5: all possible losed pathes
on any of representative of this manifold dier one from another by number
of iruits started at the same point of manifold, and any of suh pathes an
be onsidered as a result of summation of another pathes.
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✛
✚
✘
✙
1 iruit
✛
✚
✘
✙
2 iruits
✤
✣
✜
✢
✛
✚
✘
✙
3 iruits
✤
✣
✜
✢
✬
✫
✩
✪
+ =
Fig.5
From the other hand, the group of integers isomorphi to the group of
translation operating in the one-dimensional Eulidean spae, and just this
spae plays the role of universal overing spae of our manifold (Fig.6).
✲t t t t t
1 2 3 4 5
λ λ λ λ λ
X Fig.6
The group of integers isomorphi to the group of translations that is
represented by one-dimensional matrixes exp(−2piin) with the basi vetor
f(x) = f(x+ λ)
f(x) = A exp(2piix/λ). (10)
This funtion is an analog of the Dira equation solution (7) and this funtion
itself is a solution of the equation
i
∂f
∂x
= mf, m =
2pi
λ
, (11)
and this equation an be onsidered as an analog of the Dira Eq.(3).
So, above onsideration shows how linear dierential equation an ontain
information about symmetry of losed manifolds, although Eq.(11) an, of
ourse, desribe many other phenomena.
Finally, the main hypothesis looks as follows: the Dira Eq.(3)(and
onsequently its solution (7)) desribes some spei deformation of the
spae-time itself, namely, the losed nonorientable topologial spae-time 4-
manifold whose fundamental group is a group of four sliding symmetries
with perpendiular axes. Spin 1/2 is a topologial invariant reeting
nonorientable harater of the manifold. Mass m and 4-momentum pµ are
lassial notions dened through the geometrial (mirosopial) parameters
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of the manifold by relations (2,8) and Plank onstant h¯ and the light veloity
c play the role of oeients of transfer from one system of notion to other.
At the present time, only two-dimensional Eulidean losed manifolds
are lassied in details, and their fundamental groups and universal overing
planes are identied [26,27℄. As it is known to author, four-dimensional
manifolds with above fundamental group operating in pseudoeulidean
universal overing spae were not onsidered before. Therefore, we have no
opportunity for rigorous onsideration of spei properties of suggested
pseudoeulidean geometrial objet. But qualitative properties, explaining
main ideas of new interpretation, an be investigated using low-dimensional
analogies. Using these analogies we will show within elementary topology
that the above 4-manifold represents propagation of the topologial defet
of three-dimensional eulidean spae in a way, desribed in Se.2, and
that propagation of this defet demonstrates spei properties of quantum
partiles: stohasti behavior, wave-orpusular dualism and quantum
nonloality.
4.Propagation and probabilities
Let us onsider the simplest example of a losed topologial manifold
one-dimensional manifold homeomorphi to a irle whose perimeter length is
xed and equals λ (see Fig.4). A losed topologial manifold is representable
by any of its possible deformations (without pasting) that onserve manifold's
ontinuity, and we will see that just this "stohasti"property of topologial
manifolds explains appearane of probabilities in quantum formalism. For
simpliity we onsider only plane deformations of the irle.
To use onrete alulations, we onsider manifold's deformations that
have a shape of ellipse with perimeter length λ (Fig.7).
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✗✔ ☛
✡
✟
✠ ✞✝ ☎✆✛
✚
✘
✙
✲
✻
y
x
a1
b1
✛
✚
✘
✙✲
✻
y
x
a2
b2
q q q q qq q q q q q
q q q q q q q q q q Fig.7
The equation for the ellipse on an eulidean plane has the form
x2/a2 + y2/b2 = 1, (12)
where all possible values of the semiaxes a and b are onneted with the
perimeter length λ by the known approximate relation
λ ≃ pi[1, 5(a+ b)− (ab)1/2]. (13)
This means that the range of all possible values of a is dened by the
inequality amin ≤ a ≤ amax ≃ λ/1, 5pi, amin ≪ amax,.
In the pseudoeulidean "spae-time,"the equation for our ellipses has
the form of equation for hyperbola (after substitution y = it)
x2/a2 − t2/b2 = 1, (14)
and this equation denes the dependene on time t for a position of the point
x of the manifold orresponding to denite a. At t = 0, x = ±a; that is, our
manifold is represented by the two point sets in one-dimensional eulidean
spae, and the dimensions of these point sets are dened by all possible values
of a. So, at t = 0, the manifold is represented by two regions of the one
dimensional eulidean spae amin ≤ |x| = a ≤ amax. It an easily be shown
that at t 6= 0 these regions inrease and move along the x-axis in opposite
diretions (at Fig.8 this movement is shown only for positive diretion).
✲
✲ ✲ ✲
x
t0 t1 t2
Fig.8
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All another possible deformations of our irle will be obviously
represented by points of the same region, and every suh point an be
onsidered as a possible position of the "quantum objet"desribed by our
manifold. All manifold's deformations are realized with equal probabilities
(there are no reasons for another suggestion). Therefore, all possible positions
of the pointlike objet into the region are realized with equal probabilities.
So, this example shows the possibility of the onsideration of above objet
as a point with probability desription of its positions as it suggested within
standard representation of quantum partiles. In fat, this point is not yet
a material pointit is a geometrial point only. In the next Setion we will
show how this point beomes the material point.
It should be stressed that within suggested approah stohasti
behavior is a property of a single quantum partile: the role of statistial
ensemble plays here the ensemble of all possible topologial realizations of the
same partileensemble of all possible deformations of the same topologial
manifold (these deformations an be onsidered as some kind of hidden
variables).
5.Partile as topologial defet. Wave-orpusular duality
The simple example of preeding Setion does not explain what
geometrial properties allows to dier points of the moving region from
neighbour points of the eulidean spae making them observable. To answer
at this question let us onsider more omplex analogy of the losed 4-
manifoldtwo-dimensional torus. In euqlidean 3-spae suh torus is denoted
in topology as a prodution of two one-dimensional losed manifolds S1×S1
. The role of dierent manifold's deformations as a reason for stohasti
behaviour was onsidered in preeding Setion. Therefore, now we restrit
our onsideration to one simplest onguration when one of the S1 is a irle
in the plane XY and another is a irle in the plane ZX (we denote it as S1t ,
see Fig.9).
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S1 S1t S
1 S1t
✲
t
✻
x✁
✁✕ y
Fig.9
In pseudueulidean spae this torus looks like a hyperboloid. The
hyperboloid appears if we replae the irle S1t by a hyperbola (as it was
done in Setion 2). Positions of the geometrial objet desribed by our
pseudoeuliden torus are dened by time ross-setions of the hyperboloid.
These positions looks like as an expanding irle into two-dimensional xy-
eulidean plane (Fig.10).
✲
✻
✫✪
✬✩♥t1t2 x
y
❅❅■
❅❅❘
Fig.10
But we need to have in mind that two-dimensional pseudoeulidean torus
desribes the objet existing into two-dimensional spae-time with one-
dimensional eulidean "physial"spae. This means that an observable part
of the objet is represented in our example by the points of intersetions of
above irle with 0X axis though, as a whole, the objet is represented by a
irle "embedded"into two-dimensional, "external"spae. This irle an be
onsidered as a topologial defet of the physial one-dimensional eulidean
spae (in Se.2 we shematially represented suh defet as a branh of the
one-dimensional spae). Just an aliation of the intersetion points to the
topologial objet diers these points geometrially from neighboring points
of the one-dimensional eulidean spae. Therefore, in pseudoeulidean four-
dimensional physial spae-time the suggested objet desribed by the Dira
equation looks like a topologial defet of physial eulidean 3-spae that
14
is embedded into 5-dimensional eulidean spae, and its intersetion with
physial spae represents an observable quantum objet.
Note, that expanding irles at Fig.10 an be onsidered as a model for
propagation in opposite diretions of two idential noninterating partiles.
Being the intersetion points of the same defet with the physial spae
these partiles an orrelate one with another without any interation in
physial spaethe hannel for information is provided by their ommon
defet embedded in the outer spae. This an be onsidered as a qualitative
explanation for the paradox of Einstein, Podolsky, Rosen (in Se.7 we will
onsider this problem with more details).
Above analogy with torus does not yet demonstrate appearane of
any wave-orpusular properties of the objet, represented in "physial"one-
dimensional spae by the moving intersetion point properties that ould
be expressed by wave funtion (5) and relation (4). In the ase of onsidered
two-dimensional "spaetime"this solution has the form
ψ = u(p) exp(−2piix1λ−11 + 2piix
2λ2). (15)
Topologial defet represented by the expanding irle does not demonstrate
any periodiity when the intersetion point (physial objet) moves along
one-dimensional eulidean 0Xspae. To demonstrate suh periodiity we
have to use now more orret low-dimensional analogysome nonorientable
one (torus is an orientable manifold).
The nonorientable Klein bottle ould be suh twodimensional analogy
[25,26℄. In the ase with torus topologial defet was represented by ross-
setions of pseudoeulidean torusplane irles. The Klein bootle is a
manifold that is obtained by gluing of two Mobius strips (see, e.g.[28℄).
Therefore, the Klein bootle ross-setion is an edge of the Mobius strip.
This edge an not be plaed in the twodimensional XY plane without
intersetions, and it means that orresponding topologial defet is now
a losed urve embedded into outer threedimensional XY Zspae (this
does not give an opportunity to represent suh defet at the plane gure
as at Fig.8 for torus). In this ase the position of the topologial defet
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(losed urve) relative to its intersetion with 0X axis (physial objet) an
hange periodially. The parameters of this periodial movement depends
on geometrial parameters λ1 and λ2 (there are no other parameters with
orresponding dimensionality). Suh periodial proess an be expressed by
the funtion (15). This gives an opportunity for the new interpretation of
the wave funtion as a desription of periodial movement of the topologial
defet relative to its projetion on the physial spae.
In this ase orpusular properties of the above periodial movement
appear as a result of the denition for lassial notion of 4-momentum trough
the wave harateristi of the topologial objet, namely
pµ = 2pi/λµ. (16)
Substitution of these relations into (15) leads to the Dira solution (4)
ψ = u(p) exp(−ip1x
1 + ip2x
2). (17)
It is important to note that within suggested geometrial interpretation the
notions of the less general, marosopi theory (4-momentums) are dened by
(16) trough the notions of more general mirosopi theory (wave parameters
of the defet periodial movement), and this looks more natural than the
opposite denitions (6) within traditional interpretation.
6.Eletromagneti waves as topologial defets. Light veloity
invariane
Let us write the Maxwell equations for eletromagneti waves in vauum
in the symboli form analogous to the Dira equation (3). Namely, we write
these equations in the Majorana form [29℄
i
∂f+
∂t
= (Sp)f+, pf+ = 0,
i
∂f−
∂t
= −(Sp)f−, pf− = 0, (18)
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where
f
+ = E+ iH, f− = E− iH. (19)
Here E is an eletri eld, H is a magneti eld, p = −i∇ and S is a vetor-
matrix
Sx =


0 0 0
0 0 −i
0 i 0

 , Sy =


0 0 i
0 0 0
−i 0 0

 , Sz =


0 −i 0
i 0 0
0 0 0

 . (20)
It an be easily seen that Egs.(18) may be rewritten in the symboli
form analogous to the symboli form of the Dira equation (1)
iΓµ∂µf = 0, (21)
where bivetor f and matrix Γµ have the form
Γ0 =

 0 1
1 0

 , Γ1,2,3 =

 0 −S
S 0

 , f =

 f
+
f
−

 .
We write here six-row matries trough three-row ones. We see that Egs.(18)
has formally the same form as the Dira equation (3) with m = 0. Only
instead of the Dira bisinor ψ we have here bivetor f, and instead Dira
matries γµ we have matries Γµ. As Maxwell's Egs.(21) looks formally like
Dira's Egs.(3) it seems reasonable to use for their geometrization the same
arguments as we used for the Dira equation geometrization.
For plane waves the solution of Eq.(21) has the form
f
+ = f+k exp i(kr− ωt), f
− = f−k exp i(kr− ωt), ω = |k|. (22)
As for topologial interpretation of solution (7) of the Dira equation
we suggest that funtion (22) desribes periodial movement of the spae
topologial defet. As funtion (7) solution (22) an be also onsidered as the
realization of fundamental group of some losed topologial manifold. Due to
exponential fator in (22) this group ontains the translation group (as for
solution (7)), but now our solution are omplex bivetorsnot a bispinors.
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These vetors does not realize the representation of reetions along three
dierent axes as it was for bispinors. These vetors f
+
and f
−
onsist of axial
and polar vetors (see (19)) and thus these vetors are transformed one into
another only in result of the reetion of spae axes. Therefore, solution (22)
realizes representation of a sliding symmetry in 4-spae only along timeaxis.
This distinguishes the supposed fundamental group from the fundamental
group onsidered in previous Setions (four sliding symmetries along four
perpendiular axes).
There is no investigation in topology, where 4-manifolds with above
fundamental group were onsidered. So, we again an establish onnetions
between geometrial properties of the manifold and observable physial
properties of eletromagneti waves only using low-dimensional analogies.
Wave-orpusular dualism of eletromagneti waves and possibility of
stohasti behavior an be demonstrated in the same manner as in Setions
4,5. But eletromagneti waves have some additional important property
their veloity does not depend on the soure motion. We will show below
how geometrial properties of the losed topologial 4-manifold an explain
this fat.
Suppose that 4-manifold orresponding to eletromagneti wave has
the form M3(r) × M1(r, t), that is it an be represented as a produt
of nonorientable three-dimensional eulidean losed manifold M3(r) and
one-dimensional manifold M1(r, t) homeomorphi to a pseudoeulidean
irle. The formal reason for suh representation is the distinguished role
of the eulidean spae within fundamental group: only into eulidean
subspae translation group is ombined with reetions. Consider now a low-
dimensional analogy that explains an independene of light veloity on the
soure motion.
Instead of four-dimensional manifold M3(r) × M1(r, t) we onsider,
as in previous Setion, two-dimensional analogymanifold S1 × S ′1, where
S1 is a one-dimensional eulidean irle and S ′1 is a pseudoeulidean irle.
This manifold was onsidered in Setion 5, and it looks like a hyperboloid.
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For eletromagneti waves m = 0, E = cp. Within our notation it leads to
relation p1 = p2 = p or λ1 = λ2 = λ. Therefore, there have to be only one
parameter with dimensionality of length, and this will be the ase if S1t is a
pseudoeulidean irle of zeroth radius. Equation for suh irle has the form
x2 − t2 = 0, and hyperboloid is transformed into a one (Fig.11).
✒✑✓✏✲
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This means that the points representing in this example eletromagneti
wave move with veloity equals ±1 (±cin hosen units system), and this
veloity does not depend on oordinate frame rotations (does not depend on
transfer from one moving inertial frame to another). From topologial point
of view this result is a onsequene of the fat that the zeroth radius an be
onsidered as topologial invariant. Therefore, within geometrial approah
light veloity appears to be topologial invariant of the manifold representing
eletromagneti wave, and this is the reason of its independene of the soure
motion.
7. EPR-paradox
The most strange and irrational property of the quantum world is
the so-alled quantum nonloality, when physial states of noninterating
partiles, separated by marosopi distane, happens to be orrelated
(paradox of Einstein, Podolsky, Rosen or EPR-paradox [30℄). Being the
diret onsequene of quantum formalism, this property ontradit to all our
notions about ausality and has no analogy within lassial physis. Indeed,
wave property of quantum partile has analogy in optis, stohasti behavior
has analogy in statistial physis, but instantaneous orrelation between
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noninterating partiles separated by spae-like interval(up to 10 km !) seems
as something like the "spooky ation at distane"(as Einstein said). During
last twenty years above strange property was onrmed experimentally
[1,31℄, stimulating development suh new disipline as quantum teleportation,
quantum information and quantum ryptography.
We will show now that suggested topologial onept an give rather
simple (although qualitative) explanation of EPR-paradox. Consider the
simple example of deay of the partile with spin 0 into two partiles with
spins 1/2. Let's this will be two eletrons from the ground state of helium
atom. The state of these two partiles after deay has the form
|Ψ| = 2−1/2(| ↑〉1| ↓〉2 − | ↓〉1| ↑〉2), (23)
where | ↑〉1 is the state of eletron 1 with the spin direted upwards relative
to some axis (let it will be z-axis), and | ↓〉2 is the state of eletron 2 with
the spin direted downwards. The sign "minus"in Eq.(23) means that the
onsidered state of two partiles is a singlet state and not a omponent of
triplet state (our state orresponds to the total spin 0, but not 1). The state
(23) is an entangled state of two partiles where the spin diretions of eah
partile is not dened, but there is a quantum orrelation between these
diretions. This orrelation leads to the fat that the measurements of the
spin projetions of two partiles appears to be orrelated even after these
partiles are moving apart at any distane. So, quantum formalism orretly
desribes this phenomenon but do not give any explanation, any model of
this strange behavior. The qualitative topologial explanation of the paradox
looks as follows (Fig.12).
S = 0
✲ xe t te ✲✛
Fig.12
Cylinder
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At Fig.12 two idential and not interating eletrons, propagating
in opposite diretions, are shown as two points of intersetions of one-
dimensional physial spae with the their ommon topologial defet. We
took this defet as two-dimensional one (not one-dimensional) to demonstrate
some symmetry eets that have no plae for one-dimensional geometrial
objets. We have hosen this defet as ylindrial strip beause suh strip is
an orientable objet that an be onsidered as a desription of the state with
spin 0. Before measurement both intersetion points represent aording to
Eq.(23) the state with spin 0.
Suppose that the spin projetion of the right eletron on some diretion
(magneti eld H e.g.) is measured. This measurement proedure at this
point of spae an hange the symmetry of the whole topologial defet
onverting it from orientable ylindrial strip into nonorientable Mobius strip
(Fig.13).
S = 1
✲ xe t t e ✲
Mobius strip
✛
Fig.13
S = +1/2 or − 1/2 S = −1/2 or + 1/2
✻H
So, the left intersetion point instantaneously "feels"this symmetry
hange without any physial interation along the physial spae, and the
new symmetry means realising the quantum orrelation: if the eletron
spin projetion at right equals +1/2, then at left it equals −1/2. (Of
ourse, "instantaneously"means "during the the time of swithing on of
measurement devie"). In short, above shemati onsideration shows how
the ommon topologial defets an serve as a hannel of instantaneous
informational exhange between noninterating quantum partiles separated
by any distanes in physial spae.
EPR-paradox learly demonstrates that apriori, before measurement,
the partiles had no denite values of the spin projetions: quantum
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objets with denite physial properties appears only as a result of lassial
interpretation of its ontat with the measurement devie. Above we have
demonstrated geometrial origin of suh eet. Notie that some experiments
with photons have shown the same properties [32℄, and in the next Setion
we will show that the notion of "eletron inside the hydrogen atom"has the
sense only after interation of the atom with experimental devie.
8. Hydrogen atom without eletron
The suggested geometrial interpretation of Eq. (3) an be onsidered
as the "kinemati"hypothesis. To be approved, it should be veried within
the dynami problemsquantum eletrodynamis, atomi spetra, and so
on. In this Setion we start with the simplest dynami problem where the
interation is the interation with a given stati eld. Namely, we will show
that the Dira equation for a hydrogen atom allows topologial interpretation
as the equation for free Dira eld.
The Dira equation for hydrogen atom has the form [27,28℄
iγµ(∂µ − ieAµ)ψ = mψ. (24)
Here e and m are harge and mass of an eletron, Aµ are eletromagneti
potentials.
It was earlier shown by Fok that the expression in (24)
(∂µ − ieAµ)ψ
an be onsidered as a ovariant derivative of the Dira bispinors in the
speial noneulidean spae (planar Weyl spae) and that eletromagneti
potentials ieAµ an be onsidered as a onnetivities of this spae [33℄. Up
to now, the meaning of this result was not lear, beause physial spae-
time does not demonstrate any features of the Weil spae in the presene of
eletromagneti eld. But Fok's result aquires a physial meaning only if
we assume, on the basis of onlusions of previous Setions, that the equation
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(19) is written not in the physial spae, but in an auxiliary spaeuniversal
overing spae of the losed 4-manifold representing hydrogen atom.
Sine the above result plays a key role, let us disuss properties of the
planar Weyl spae in more detail. Geometry of this spae is speied by linear
and quadrati forms [34℄
ds2 = gikdx
idxk = λ(x)(dx21 − dx
2
2 − dx
2
3 − dx
2
4), (25)
dϕ = ϕµdx
µ, (26)
where λ(x)is an arbitrary dierentiable positive funtion of oordinates xµ.
This spae is invariant with respet to the sale (or gauge) transformations
g
′
ik = λgik, ϕ
′
i = ϕi − ∂ lnλ/∂xi. (27)
Therefore, a single-valued, invariant sense has not ϕi but the quantity (sale
urvature)
Fik = ∂ϕi/∂xk − ∂ϕk/∂xi. (28)
Antisymmetri tensor Fik obeys equations that are analogous to the rst pair
of Maxwell's equations
∂iFkl + ∂kFli + ∂lFik = 0.
This analogy and the gauge invariane of ϕi (like the gauge invariane
of eletromagneti potentials) lead Weyl to the idea that vetors ϕi an be
identied with the eletromagneti potentials and that tensor Fik an be
identied with the tensor of eletromagneti eld strengths
ϕµ ≡ ieAµ, A
′
µ = Aµ − ∂µχ, χ = ie lnλ. (29)
Then (like in general relativity), Weyl attempted to identify the geometry
of his spae (urvature and so on) with the geometry of a real spae-time
distorted by the presene of eletromagneti eld [40℄. But it turned out that
this hypothesis was ontraditory to some observable proprieties of the real
physial spae-time (it was shown Einstein in the supplement to the Weyl
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publiation [41℄), and the Weyl's results were afterwards onsidered as having
nothing to do with the eletromagneti eld.
In ontrast to Fok, we suppose that the ovariant derivative in (19) is
written not in the real spae-time but in the auxiliary spae the universal
overing spae of topologial manifold. So, there are no objetions against the
Weyl spae within our onsideration. This means that we an assume that the
"long derivative"in (24) is a ovariant derivative written in the Weyl spae
and that the 4-potentials ieAµ play the role of onnetivities in the above
spae. The onrete properties of the manifold representing a hydrogen atom
will be onsidered in subsequent publiations, but just now we an notie
two important onsequenes of the topologial interpretation of Eq.(24).
1. It is known that onnetivities of the Weyl spae demonstrate the
same gage invariane as the gauge invariane of an eletromagneti eld [40℄.
This means that within the topologial interpretation of Eq.(24) the gage
invariane of eletromagneti potentials Aµ is not some additional theoretial
priniple but is a natural onsequene of geometrial approah.
2. Geometrial interpretation of Eq.(24) for hydrogen atom does not
assume a presene of any point-like partiles (eletrons) inside the atom. The
wave funtion ψ(xµ) plays here the role of a basi vetor of the fundamental
group representation. Coordinates xµ are oordinates of a point in the
manifold universal overing spae, and this point bears no relation to some
point-like objet. This fat is in agreement with suggested new paradigma.
The notion of eletron inside the hydrogen atom has no meaning without
measurement proedure: eletron an appear only as a result of interation
of the atom with measurement devie (ionization and so on)
And the last remark. It seems reasonable to suppose that the same
situation will be realized within geometrial onsideration of many-eletrons
atoms. It is possible that the orresponding new relativisti equations
(instead of nonrelativisti Shredinger equations) will turn out to be
the equations for funtions of only one variable xµ oordinate of the
orresponding overing spae, and this will give the hane to overome
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known diulties of many-body problem of atomi physis.
9.New paradigm. Perspetives
Within suggested model, all matter (partiles, waves) is nothing more
than speially urved regions of the spae itself, and aeptane of this
model means refusal of modern atomi paradigm, where matter is onsidered
as onsisting of more and more small elementary partiles. In the miroworld
there are no suh lassial entities as partiles, waves, energies, masses and
so ononly geometrial notions of urved spae. These lassial notions
appears only as a result of the desription with lassial language of the
ontat of above piees of urved spae with measurement devies, and, of
ourse, this result depends ruially on the measurement proedure. A priori,
before measurement proedure, partiles and waves do not exist, and our
"marosopi"reality is, in some way, produt of above proedure.
Nowabout perspetives. Suggested hypothesis should be onsidered
as "kinemati"one, where interation problems (exept the simplest one
hydrogen atom) were not disussed. On the other hand, only appliation to
interation problems an demonstrate the real advantages of the proposed
model. This means a neessity of geometrization of quantized wave elds
(quantum eletrodynamis and so on) and geometrization of low-energy
quantum physis (atomi physis and so on). We are now on this way, and we
hope that the level of modern topology will be suient for these purposes.
And, of ourse, the results depend on how many theoretiians will happen to
be interested in the problem.
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